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LV WKHUHLQFUHDVHGSULFHVFRPSDUHGWRWKHSULFHVRI WKHDOOR\VWHHOV7KLVGLVDGYDQWDJHOLPLWVWKHXVDJHRI7LDOOR\V
RQO\WRVSHFLDODSSOLFDWLRQVDQGGRPDLQVOLNHWKHDHURVSDFHLQGXVWU\,QVRPHDSSOLFDWLRQVOLNHDLUFUDIWMHWHQJLQHV
WKH SDUWV PDGH IURP 7L DOOR\V DUH VXEMHFWHG WR WKHUPDO VKRFN WKHUPDO F\FOHV DQG KLJK PHFKDQLFDO ORDGV GXH WR
WKHUPDOH[SDQVLRQ >@7KHSDUWVPDGHIURP7LDOOR\VFDQVXIIHU SKDVHFKDQJHVRUPLFURVWUXFWXUDOFKDQJHVGXHWR
WKHKLJKWHPSHUDWXUHZRUNLQJUHJLPHFRPELQHGZLWKWKHPHFKDQLFDOORDG >@ 7KLVSDSHUDQDO\VHVWKHEHKDYLRURIDQ
7L DOOR\ VDPSOH RQ ZKLFK RQ ZKLFK KDV EHHQ GHSRVLWHG DQ  SXULW\ $O2 FRDWLQJ E\ DWPRVSKHULF SODVPD
VSUD\LQJ >@ 7KH SXUSRVH RI WKH FRDWLQJ LV WR DFW DV D WKHUPDO EDUULHU DQG WR SURWHFW WKH EDVHPDWHULDO IURP WKH
LQIOXHQFHRIWKHKLJKZRUNLQJWHPSHUDWXUH >@
 0DWHULDOVPHWKRGVDQGLQVWUXPHQWDWLRQ
7KHEDVHPDWHULDOXVHGIRUWKHVDPSOHZDVDIRUJHG7L$O97KHVDPSOHKDGWKHGLPHQVLRQRI[[PP
2QWKH7LDOOR\VDPSOHDFRDWLQJRI $O2 ZDVGHSRVLWHGE\DWPRVSKHULFSODVPDVSUD\LQJ$ERQGLQJOD\HURI
1L&UZDVXVHGWRREWDLQDEHWWHUDGKHUHQFHEHWZHHQWKHFRDWLQJDQGWKHEDVHPDWHULDO7KHERQGLQJOD\HUZDVDOVR
GHSRVLWHGE\DWPRVSKHULFSODVPDVSUD\LQJ7KHGHSRVLWLRQSDUDPHWHUVXVHGRQWKHSODVPDVSUD\LQJLQVWDOODWLRQDUH
VSUD\LQJ GLVWDQFH RIPPGLDPHWHURIWKHLQMHFWRU RIPPSODVPDJDVLQWHQVLW\RI$DUFYROWDJH RI8
VSHHGRIURWDWLRQ RIURWPLQDQGDUJRQIORZ RIPK
7KHVDPSOHZDVVXEMHFWHGWRWKHUPDOVKRFNLQDIXUQDFH7KHVDPSOHZDVKHDWHGWR&LQVHFRQGVDQG
DIWHUWKDWFRROHGWRURRPWHPSHUDWXUHLQDQRWKHUVHFRQGV7KHVDPSOHZDVDQDO\]HGXVLQJ;UD\GLIIUDFWLRQDQG
VFDQQLQJHOHFWURQPLFURVFRS\ WRKLJKOLJKW WKH LQIOXHQFHRI WKHUPDO VKRFN WR WKHSKDVHV DQGPLFURVWUXFWXUHRI WKH
GHSRVLWHGFRDWLQJ
$ILQLWHHOHPHQWDQDO\VHVZDVGRQHWRKLJKOLJKWWKHVWUHVVGLVWULEXWLRQDQGHODVWLFDQGSODVWLFGHIRUPDWLRQVWKDW
DSSHDULQWKHVDPSOHGXHWRWKHUPDOH[SDQVLRQ
 7KHFKDUDFWHUL]DWLRQRIWKHVDPSOHEHIRUHWKHUPDOVKRFN
7KH 6(0 DQDO\VLV SUHVHQWHG LQ )LJ  VKRZV WKDW WKH REWDLQHG FRDWLQJ KDV D EUHDN ZDOO VWUXFWXUH GXH WR
FRQVHFXWLYHKHDWHGPDWHULDOSDUWLFOHVWKDW KLW WKHVXUIDFHGXULQJGHSRVLWLRQ7KHSDUWLFOHVDUHLQWKHVKDSHRIVSODWV
GXHWRWKHNLQHWLFHQHUJ\GXULQJWKHGHSRVLWLRQSURFHVVWKDWFRQYHUWHGWRVKDSHYDU\LQJHQHUJ\ >@7KHERQGOD\HU
KDV D WKLFNQHVV EHWZHHQ  ȝP DQG  ȝP $W WKH LQWHUIDFH EHWZHHQ WKH EDVH PDWHULDO DQG ERQG OD\HU
WDQJHQWLDOFUDFNVWRWKHVXUIDFHFDQEHREVHUYHG7KHFDXVHVRIWKHVHFUDFNVDUHWKH WDQJHQWLDOVWUHVVWKDWDSSHDUVDW
WKHLQWHUIDFHGXULQJFRROLQJDQGDWPRVSKHULFJDVLQFOXGHVWKDWRFFXUGXULQJWKHGHSRVLWLRQSURFHVV7KHWKLFNQHVVWR
WKH GHSRVLWHG FRDWLQJ LV EHWZHHQ  ȝP DQG  ȝP )LJ  D 2QH WKH FKDUDFWHULVWLF RI WKH FRDWLQJ
PRUSKRORJ\LVWKHSUHVHQFHRISRUHVWKDWIRUPHGGXULQJGHSRVLWLRQSURFHVV)LJE
)LJ  7KH6(0 PLFURVFRS\DQDO\VHVRQWKH7L$O9DOOR\ZLWK $O2 FRDWLQJEHIRUHWKHUPDOVKRFN D PHDVXUHPHQWVRIWKHFRDWLQJV
GLPHQVLRQV E FRDWLQJPRUSKRORJ\
D E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7KHUHVXOWVRIWKH;5'DQDO\VHVGRQHIRUWKHVDPSOHQRWVXEMHFWHGWRWKHUPDOVKRFNDUHSUHVHQWHGLQ)LJ$IWHU
GHSRVLWLRQ WKH FRDWLQJ FRQVLVWV RI ILYH SKDVHV 7KHUH DUH WKUHH SKDVHV RI $O2 FU\VWDOOL]HV LQ GLIIHUHQW V\VWHPV
7KHVHSKDVHVDUHĮ$O2 FU\VWDOOL]HG LQ UKRPERKHGUDO V\VWHPDQG IURP5FVSDFHJURXS Ȗ$O2 FU\VWDOOL]HG LQ
SKDVHV FHQWHUHG FXELF V\VWHPDQG IURP)GP VSDFHJURXS DQG $O2 FU\VWDOOL]HG LQ WHWUDJRQDO V\VWHPDQG
IURP ,DPG VSDFHJURXS7KHPDWHULDOLVFRPSRVHGRIWZRRWKHUSKDVHVEHVLGHVWKH$O2 RQHV$O FU\VWDOOL]HG LQ
FXELF V\VWHPDQG$O2DOVRFU\VWDOOL]HGLQFXELFV\VWHP7KH0LOOHULQGLFHVVSHFLILFIRUWKLVSKDVHVDUHSUHVHQWHGLQ
)LJDQGWKHSDUDPHWHUVRIWKHHOHPHQWDU\FHOOVDUHVKRZHGLQ7DEOH
)LJ  7KH;UD\GLIIUDFWLRQUHVXOWVIRUWKH $O2 FRDWLQJQRWVXEMHFWHGWRWKHUPDOVKRFN DWWKHGLIIUDFWLRQDQJOHRIș « VFUHHQ
GXPS
)LJ 0LOOHU ,QGLFHVIRUWKHVDPSOHZLWK$O2 FRDWLQJQRWVXEMHFWHGWRWKHUPDOVKRFN VFUHHQGXPS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7DEOH  3DUDPHWHUVRIWKHHOHPHQWDU\FHOOV IRUWKH$O2 FRDWLQJQRWVXEMHFWHGWRWKHUPDOVKRFN
3DUDPHWHUV $O ±&XELF Ȗ$O2± &XELF $O2±&XELF Į$O2 ± 5KRPERKHGUDO $O2  ±7HWUDJRQDO
Dc     
Ec     
Fc     
$OID     
%HWD     
*DPD     
 7KHFKDUDFWHUL]DWLRQRIWKHVDPSOHDIWHUWKHUPDOVKRFN
7KHVDPSOHDIWHUWKHUPDOVKRFNDW&VKRZVPRUSKRORJLFDOFKDQJHVDVFDQEHVHHQLQ)LJDDQGE
7KHGLPHQVLRQRILQGLYLGXDO¶VVSODWVLVVPDOOHU WKDQ EHIRUHWKHWHVWDQGFUDFNVFDQEHVHHQDWWKHLQWHUIDFHEHWZHHQ
FRQVHFXWLYH VSODWV EXW WKH FRDWLQJV VWLOO FRQVHUYHV LWV LQWHJULW\'XH WR WKH VKULQNDJH RI WKH LQGLYLGXDO VSODWV WKH
GLPHQVLRQ RI WKH SRUHV SUHVHQW LQ WKH FRDWLQJ LQFUHDVHV7KH FUDFNV WKDW DSSHDUHG DW WKH LQWHUIDFH RI FRQVHFXWLYH
VSODWVDUHGXHWRGLIIHUHQWWKHUPDOH[SDQVLRQFRHIILFLHQWVEHWZHHQWKH7LDOOR\DQGWKHFHUDPLFPDWHULDO
)LJ 6(0 PLFURVWUXFWXUHDQDO\VHVRQWKH7L$O9DOOR\ZLWK $O2 FRDWLQJDIWHUWKHUPDOVKRFN D; E;
7KH;5'DQDO\VLVSUHVHQWHGLQ)LJVKRZHGWKDWSKDVHFKDQJHVRFFXUUHGLQWKHFRDWLQJPDWHULDOGXHWRWKHUPDO
VKRFN7KLVSKDVHFKDQJHV FRQWULEXWHGWRWKHWKHUPDOFRQWUDFWLRQZKLFKOHGWRWKHFUDFNLQLWLDWLRQDQGSURSDJDWLRQDW
WKHLQWHUIDFHRIFRQVHFXWLYHVSODWV)URPWKHWKUHHLQLWLDO$O2 SKDVHVSUHVHQWLQWKHFRDWLQJ RQO\WKHĮ$O2 VWLOO
H[LVWDIWHUWKHWKHUPDOVKRFN7KHRWKHUSKDVHVSUHVHQWLQWKHLQLWLDOFRDWLQJIRUPHGDș$O2 SKDVHFU\VWDOOL]HGLQD
PRQRFOLQLF V\VWHP 7KH 1L SKDVH WKDW DSSHDUV RQ WKH ;5' GLDJUDP DSSHDUHG GXH WR WKH LQWHUIDFLDO FUDFN
SURSDJDWLRQGRZQWRWKHERQGOD\HU
)LJ  SUHVHQWV WKH 0LOOHU LQGLFHV VSHFLILF IRU WKH FU\VWDOORJUDSKLF SODQHV RI WKH SKDVHV DQG LQ 7DEOH  DUH
SUHVHQWHGWKHSDUDPHWHUVRIWKHHOHPHQWDU\FHOOVVSHFLILFIRUHDFKSKDVH
D E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)LJ  7KH;UD\GLIIUDFWLRQUHVXOWVIRUWKH $O2 FRDWLQJDIWHUWKHUPDOVKRFN DW WKHGLIIUDFWLRQDQJOHRIș « VFUHHQGXPS
)LJ  0LOOHU,QGLFHVIRUWKHVDPSOHZLWK$O2 FRDWLQJDIWHUWKHUPDOVKRFN VFUHHQGXPS
7DEOH  3DUDPHWHUVRIWKHHOHPHQWDU\FHOOV IRUWKH$O2 FRDWLQJDIWHUWKHUPDOVKRFN
3DUDPHWHUV Į$O2  5KRPERKHGUDO ș$O20RQRFOLQLF 1L &XELF
Dc   
Ec   
Fc   
$OID   
%HWD   
*DPD   
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 7KHUPDO H[SDQVLRQQXPHULFDODQDO\VHVUHVXOWV
)LJSUHVHQWVWKHPRGHOWKHPRGHORIWKHVDPSOHXVHGLQWKHQXPHULFDODQDO\VHVDQGWKHPHVKREWDLQHGIRUWKLV
PRGHO 7KH PHVK LV FRPSRVHG RI  QRGHV DQG  HOHPHQWV 7KH EDVH PDWHULDO LV PDGH RI KH[DKHGUDO
HOHPHQWVHQGWKHFRDWLQJLVFRPSRVHGRIWHWUDKHGUDOHOHPHQWV7KHFRQWDFWEHWZHHQWKHWZRSDUWVWKDWFRPSRVHWKH
PRGHO LV PRGHOHG ZLWK D ERQGLQJ FRQGLWLRQ DQG D SXUH SHQDOW\ PDWKHPDWLFDO IRUPXODWLRQ 7KH QRUPDO VWLIIQHVV
IDFWRURIWKHFRQWDFWKDVDYDOXHRID DQGLVXSGDWHGHDFKLWHUDWLRQ
)LJ  7KHPRGHODQGPHVKXVHGIRUWKHILQLWHHOHPHQWDQDO\VHV
7KHWKHUPDOORDGLQJODZXVHGIRUWKHILQLWHHOHPHQWDQDO\VHVLVSUHVHQWHGLQ)LJ,QVHFRQGVWKHPRGHOLV
KHDWHG XS WR  & DQG DIWHU WKDW LV FRROHG GRZQ WR URRP WHPSHUDWXUH LQ DQRWKHU  VHFRQGV 7KH WUDQVLHQW
VWUXFWXUDOILQLWHHOHPHQWDQDO\VHVZDVGRQHXVLQJ$QV\VVRIWZDUH
)LJ  7KHWKHUPDOORDGLQJODZXVHGIRUWKHILQLWHHOHPHQWDQDO\VHV
7KHWHQVLOH\LHOGVWUHVVIRU WKHSXULW\$O2 KDVDYDOXHRI03DDQGWKHWHQVLOHXOWLPDWHVWUHVVKDVD
YDOXHRI03D7KHSLFWXUHVLQ)LJVKRZWKHPD[LPXPHTXLYDOHQWVWUHVVGLVWULEXWLRQWKDWDSSHDUVLQWKHVDPSOH
GXULQJ WKH WHVW ,Q FRXOG EH VHHQ WKDW WKHPD[LPXP VWUHVV DSSHDUV LQ WKH GHSRVLWHG FRDWLQJ GXH WR DPXFK ORZHU
WKHUPDOH[SDQVLRQFRHIILFLHQWWKHQWKHRQHRIWKH7LDOOR\DQGKDVDYDOXHRI03D7KLVPHDQVWKDWWKHFRDWLQJ
ZLOOEHVXEMHFWHGWKHSODVWLFGHIRUPDWLRQVZKLFKZLOOOHGWRFUDFNLQLWLDWLRQDQGSURSDJDWLRQ7KHWKHUPDOH[SDQVLRQ
RI WKH EDVHPDWHULDO LV FRQVWUDLQHG E\ WKH SUHVHQWV RI WKH FRDWLQJ DQG KDV D ORZHU YDOXH WKHQ D VDPSOHGZLWKRXW
FRDWLQJWKHPD[LPXPVWUHVVWKDWDSSHDUVLQWKHEDVHPDWHULDOKDVDYDOXHRI03D
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)LJ  (TXLYDOHQWVWUHVVGLVWULEXWLRQLQWKHVDPSOHVXEMHFWHGWRWKHUPDOVKRFN D RXWHUYLHZ E VHFWLRQYLHZ
7KH HODVWLF VWUDLQ GLVWULEXWLRQ WKDW DSSHDUV LQ WKH VDPSOH GXH WR WKHUPDO VKRFN LV SUHVHQWHG LQ )LJ  7KH
PD[LPXPHODVWLFVWUDLQWKDW DSSHDUVLQWKHVDPSOHKDVDYDOXHRIYDOXHZKLFKLVELJJHUWKHQWKHYDOXHRI
WKHXOWLPDWHWHQVLOHVWUDLQVSHFLILFIRUWKHPDWHULDOZKLFKLV
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WKHFRDWLQJPDLQWDLQHG LWV LQWHJULW\GXH WR WKHSRUHV WKDW LQFUHDVHG WKHLUYROXPHDQG WRRNVRPHRI WKHPHFKDQLFDO
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